In striking contrast to the abundant information -we possess about the 'normal ' blood pressure *(B.P.) in adults our knowledge of what might be considered as the normal range of B.P. in school children is limited, and owing to the various methods used, of little avail for comparison. Blood pressure reading is not part of routine medical inspection, although it has been known for a long time that a normal person reaches his mature B.P. at about adolescence (Robinson and Brucer, 1939) and that the incidence of hypertension is as high at the age of 15 as it is at the age of 40 (Alvarez and Stanley, 1930). Hines (1937) , using the 'cold-test ', found 180o hypertension among schoolboys. The question of an early onset of essential hypertension is, therefore, a problem of preventive medicine. Yet, what is to be considered as the upper normal limit for the various years of age in this group ? This problem is quite apart from the more important question of what is normal for the individual, which seems to receive confusingly discrepant answers. Robinson and Brucer (1939) , in an investigation of 11,383 persons, described as the normal range for men and women of any age 90-120 mm. systolic and 60-80 mm. diastolic. Alvarez (1920) found an average of 126 mm. in 16-year-old boys, and in 15,000 students 450o with a systolic pressure over 130 mm. and 220) over 140 mm. Kylin (1937) , in persons under 40 years, found a normal range of 90-130-140, and Hahn (1924) for the age group 10-40 years a mean of 119 2 and a standard deviation of 15 9 mm. Paterson and Moncrieff (1949) stated as the upper limit a systolic B.P. of 110 mm. for 10-year-old and 120 mm. for 14-year-old boys, regarding a B.P. as abnormal which is persistently 20 mm. higher than the upper limit of the norm for the age. Taussig and Hecht (1938) reported as normal ranges for 10-year-old children 95-110 systolic, 60-70 diastolic; for 12-year-old children 102-115 systolic, 62-72 diastolic, and in 14-year-old children 104-124 systolic, 65-78 diastolic. Mfiller (1921), describing basal B.P. values for 11-14-year-old children, gave 80 mm. systolic as night, and 100 mm. as day, values for the systolic B.P.
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In a preliminary report (Hahn, 1951) on the B.P. readings in 770 boys aged 11 to 15 years I was able to demonstrate that if we regard 90-130 mm. Hg as the normal range of systolic B.P. the percentage of hypertension is as high as 16 2 in the 14-year-old and 26 6 in the 15-year-old boys. I was then faced with the problem whether, in view of the clinical and somatotypical aspect of the hypertensive group, the term ' hypertension ' was really justified, or if in fact our notion about the normal range of B.P. in this age group should be revised. 
Results
The age distribution of the 1,417 boys is set out in Table 1 .
The distribution is uneven as mostly leavers' and new entrants were examined, and thus, if a greater sample of 12-, 13-and 15-year-olds was reviewed, slight correction of the data for these three ages might be expected. Table 3 it can be seen that whereas the percentage of systolic blood pressure for the range 90-129 is over 90% in the 11-year-old boys, this percentage decreases steadily to 88, 83-9, 79-5 and 75-5 in the following years of age. If values over 130 mm. were to be considered as hypertensive, the respective figures for the 13-, 14-and 15-year-old boys are climbing from 11 -8 to 19 -4 and 23-5%; 78 -1O of the 11 5 and 70 50o of the 12 -5-year-old boys have a systolic blood pressure between 90 and 119 mm., while three-quarters of the 13 -5-and 14-5-year-old-boys show a systolic blood pressure between 100 and 129 mm. Of the 15-5-year-old boys, 62 -3%O have a systolic blood pressure between 10 and 139mm. For the diastolic blood pressure the range of highest frequency is much more limited. For all the ages concerned, the percentage covering the range 40-79 is over 900o and values above 80 mm., which could be considered as diastolic hypertension, reach 6-8 and 6-0o in the 14-5-and 15 -5-year-old boys only.
Of the 11-5-, 12-5-and 13-5-year-old boys 78-2, 78-5 and 77-lo have a diastolic blood pressure between 50 and 69 mm., while 72-5 and 81-8°o of the 14-5-and 15-5-year-old boys fall within the range of 60 to 79 mm. diastolic blood pressure.
Correhtion between Systolic and Diastolic Blood Pressure
The diastolic blood pressure, as can be observed from the values of the pulse pressure given in Table 2 , follows the pattern of the systolic blood pressure, i.e. rises with it.-The correlation coefficient and the regression equation was determined for each age group and the results are given in Table 4. in one characteristic for a unit change in the other. Thus, the diastolic blood pressure rises if the systolic pressure increases by 10 mm. Hg for the following ages:
11-year-old by 3-3 mm. Hg 12-year-old by 4-1 mm. Hg 13-year-old by 4-0 mm. Hg 14-year-old by 2-9 mm. Hg 15-year-old by 2-1 mm. Hg
From the equation given in the last column of Table 4 the diastolic blood pressure corresponding to a given systolic value can easily be predicted.
Blood Pressure and Growth The survey so far has shown that in the average boy B.P. ' spurts ' at about 13 -5 years of age, that is when puberty has set in, with its dramatic bodily changes characterizing the third period of acceleration of growth. But variation is more than ever at work and no rigid pattern can be observed. Genetically determined it is the constellation of the whole ensemble of the ductless glands which, under the direction of the anterior lobe of the pituitary, will decide for the individual boy not only the onset but also the extent of the phenomena that are produced by the impact of the hormones released by the pituitary gland. Environmental influences, too, will interfere in a positive or negative direction and thus height and weight as well as functional features vary from boy to boy during this revolutionary period of life. The blood pressure follows the pattern of growth and its rate of increase is governed by the laws of the boys' constitution. The physiological, not the chronological, age is decisive for the place he is to achieve with regard to his physique and his blood pressure.
Blood Pressure and General Condition. It has been mentioned before that if in a rough and ready As can be seen from and ' C ' thereby denote ' good ', ' fair ' and ' poor ' according to the impression the observer obtains from nutrition, muscle tone, turgor and vascularization of the skin, posture, facial expression and mental alertness of the examinee. This evaluation, though nessarily subjective in its nature, should be admissible if employed by one observer only, as was the case in the sample under consideration.
In Table 5 , 880 boys, of 14 years of age, hypertensive and non-hypertensive, are tabulated according to their systolic B.P. and general condition.
The difference between the proportions of A in hypertensives and non-hypertensives is 19-1%; as the standard error of the difference between these two proportions is 3-6%,", the difference can be considered as highly significant. Sutcliffe and Canham (1950) .
As shown in Table 6 the average increase in weight is I-4 kg. and in height 3 6 cm. between I1 *5and 12-5yearsandrisesto 5 1, 5 2and6-1 kg; 6 7, 6-0 and 6-3 cm. for the ages 12 5-13 5, 13-5-14-5 and 14 5-15-5. Yet the steady rise of the standard deviation after the beginning of puberty illustrates the well established fact that, during this critical period, boys of the same age differ considerably in their growth; some reach puberty before 13 -5 years and many lag behind and have not attained puberty at the age of 15 years, which, for British boys is the median age at which adolescence is attained (Ellis, 1950) . In weight and height these latter boys often represent the average values of a 12-or 13-year-old boy; in other words, their physiological age or their weight-or height-age is that of a.boy of 12 or 13 years.
Blood pressure in this age group follows the same pattern as can be seen in Fig. 2 Table 7 .
In all five ages the correlation coefficient is positive both for B.P. and weight and B.P. and height and exceeds twice the standard error of the correlation coefficient. The association is closest for B.P. and weight and B.P. and height in the 13 5-year-old boys. From the regression equation as given in Table 7 it is possible to predict the systolic blood pressure which to a certain degree appears to be normal for a given weight or height. As an example values for the systolic blood pressure for each year of age obtained in such a way are computed in Table 8 .
It can be observed that in the central part of Table 8 , within an area covering roughly the range between M-1S.D. and M-IS.D. of the weight representing the respective year, the expected values of systolic blood pressure differ only slightly for the same weights irrespective of age. Thus a boy appears to have the blood pressure of his physiological age as it is manifested in his weight. Take, for example, a boy whose age is 14-5 and whose weight is 35 kg. (5 st. 7 lb.), his physiological age is then (Table 6 ), according to his weight, about that of the average 11 -5-year-old boy and his systolic B.P. that ofthe average 11 -5-year-old, i.e. 108 -5 mm. As his weight deviates from the mean of his age by -I -6 kg., his blood pressure should deviate from the mean of his age (Table 2) by -1 -6 x0 -6, i.e. -7 mm., which means 111 4 mm. expected B.P. (Table 8 gives the value 111 4 mm. Hg). Suppose that the weight of a 14-5-year-old boy is 53 kg., i.e. the mean weight of 15 5-year-old boys whose mean systolic B.P. is 119-1, his expected B.P. therefore, according to the regression equation for his age, is 122 -2, and according to the equation for the 15 -5-year-old boys, II 9 2 mm. Hg, which shows that the formula corresponding to his weight-age should be applied.
Comparison of the expected systolic B.P. 5 mm. Hg with the actual systolic B.P. readings suggests that the normal B.P. for boys with proportionate weight and height measurements can be predicted by using the regression equations. In boys, however, with either excessive weight, as in cases of pituitary obesity, or excessive height, as in hypogonadism. the formulae are not always applicable as in both conditions there is a tendency to arterial hypotension. The fact that boys belonging to those groups are included in the statistical evaluation of this survey makes it probable that by using a much greater volume as basis for the calculations corrections will occur.
Blood Pressure and Body Surface Area Considering the association which exists between systolic B.P. and weight and height, the use of one Table 9 summarizes the correlation between systolic B.P. and B.S.A. The correlation is positive throughout, being highest in the 12-5-and 13-5-year-old boys. The correlation coefficient exceeds in all the examnined groups three times its standard error and is therefore signifcant. The regression coefficient, or in other words, the slope (Fig. 3) for the various ages. Thus, the association between B.S.A. and B.P. seems to be closer than that of blood pressure and age in the age groups under consideration. This is demonstrated in Table 10 The groups 1-7 and 1-75 m' are excluded because of their small number. released by the anterior lobe of the pituitary to an increased extent during puberty, or whether the arterial B.P. just obeys the functional demands of the growing organism remains a question that is outside this survey.
The formulae given in this paper are proposed to enable us to estimate the normality or abnormality of B.P. values in a given individual belonging to the age groups under consideration.
Summary
A study of the blood pressure in 1,417 schoolboys aged 11 to 15 years is presented.
Mean, standard deviation, range and percentage distribution of systolic and diastolic blood pressure were determined, the correlation between systolic and diastolic blood pressure ascertained, and formulae established from the regression equations.
The correlation of systolic blood pressure, weight, height and body surface area was analysed and formulae given for the determination of the normal individual blood pressure, using the regression equations.
ARCHIVES OF DISEASE IN CHILDHOOD
The study reveals (1) that there is a wide variation of systolic and diastolic blood pressure which becones more marked once puberty starts. (2) Systolic and diastolic blood pressure ' spurts ' with the beginning of puberty, i.e. at the same time as the third period of acceleration of growth. (3) Of the 11 5-year-old boys 78 -Io, and 70-5o of the 12 5-year-old boys hasve a systolic blood pressure between 90 and 119 mm., whereas threequarters of the 13 5-to 15 5-year-old boys exhibit a systolic blood pressure between 100 and 129 mm. Of the 15 5-year-old boys, 62 3"o have a systolic blood pressure between 110 and 139 mm. About three-quarters of the 11-, 12-and 13-year-old boys have a diastolic blood pressure between 50 and 69 mm. Hg, whereas 72 5 and 81 80o of the 14. and 15-year-old boys show a diastolic blood pressure within the range of 60-79 mm. Hg. There is a statistically significant correlation between systolic and diastolic blood pressure.
To ascertain what might be considered the individual normal blood pressure the correlation between blood pressure and anthropometric measurements was determined. It is positive for weight, height and body surface area, being closer with weight and body area than with height. The association between blood pressure and growth is higher than that of blood pressure and age for the age groups under consideration. Generally each boy has the blood pressure of his physiological age.
The correlation of blood pressure, weight and body surface area permits the prediction of the normal blood pressure for the individual from the respective regression equation, and formulae to this effect are presented.
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